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Abstract of JP55050442 

PURPOSE.To refine molten Al contg. metallic impurities by adding a specified amt. of Mn and Mg to 
the Al after which they are melted and cooled to a specified temp, to crystallize the impurities as 
intermetaffic cpds. T which are then separation-removed. CONSTITUTIONS molten A! or a molten Al 
alloy contg. metallic impurities such as Fe, Cr } Mo, Pb and As are added metallic Mn or an Al-Mn alloy 
contg. 0.6-6 times as much Mn as the impurities and metallic Mg or an Ai-Mg alloy contg. 0.002-0.1 
time as much Mg as the molten metal. They are melted, and the mixed molten metal is cooled and held 
at the euteciic point to a temp. 50 deg.C above the point Thus, the impurities are crystallized as 
intermetallic cpds. with Al-Mn type metal. The crystallized cpds, are then separated by filtration of oher 
method, By this method high purity Al or a high purity At alloy is recovered. 
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Claim 

A refinement method of aluminum or aluminum alloy characterized by the following facts: in a melt 
of aluminum or aluminum alloy containing metal impurities, metal manganese and/or 
aluminum-manganese alloy in quantity 0.5-6 times that of the metal impurities contained in the melt and 
metal magnesium and/or aluminum-magnesium alloy in quantity 0.002-0.1 times that of the melt are 
added, melted and mixed; the melt mixture is cooled to a temperature ranging from the eutectic 
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temperature to the eutcctic temperature plus 50°C and is kept at said temperature, so that the metal 
impurities are crystallized and separated as intermetallic compounds. 

Detailed e x planation of the invention 

The present invention pertains to a refinement method of aluminum or aluminum alloy (hereinafter to 
be referred to as Al)* More specifically, the present invention pertains to a refinement method of Al 
characterized by the fact that it can efficiently remove the metal impurities, such as iron as well as 
chromium, molybdenum, lead, arsenic, etc, contained in Al. 

in the recent years, in the aluminum industry, people have been engaged in development of schemes 
for effective use of Al scraps so as to conserve resources and to stabilize the metal price, However, the 
Al scraps contain iron and a lot of other types of metal impurities, As there is yet no refinement 
technology, while some can be used as the feed material for casting alloy, most of them cannot be used 
as feed material for rolling alloy that has a strict requirement on components. 

People have performed extensive studies on the refinement method of Al, and have proposed the 
following schemes: {a} 3-layer type electrolysis refinement method in which the metal impurities in Al 
are separated by means of electrolysis; {b} method in which the metal impurities, especially iron, are 
separated as Al-silicon-iron intermetallic compounds; {c} method in which Al-manganese alloy with a 
higher melting point is added in the Al melt so that the metal impurities, especially iron, are adsorbed on 
the solid phase alloy, and can be removed as intermetallic compounds with Al-manganese alloy, etc. 
However, the aforementioned prior art has some problems. For said method {a}, while high purity Al 
can be obtained, the refinement operation is nevertheless complicated and the refinement fee is 
extremely high. Consequently, it is inappropriate as the refinement processing method of the scraps. For 
method {b} 3 a large quantity of silicon is mixed in Al during the refinement operation, so that its 

2 
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application is limited to extremely special type of Ahsilicon alloys. On the other hand, for said method 
{c} y the refinement operation is simple and iron can be reduced significantly, and, even when a small 
quantity of manganese is mixed in Al, the impurities effect is little displayed, so that it is the best 
method from the industrial viewpoint. However, in this method, as iron is adsorbed and removed due to 
the solid-liquid reaction, the frequency of contact between iron and Al-manganese alloy becomes lower, 
and the reaction rate becomes very low. Consequently > the removal rale of iron is significantly lower 
than the other methods, and it has little value of application as the refinement method of Al with a strict 
requirement on its composition. 

In consideration of the aforementioned problems, the present inventors have performed research on 
the scheme for increasing the impurities removal efficiency by increasing the contact frequency with the 
metal impurities and the reaction rate as contact is made between Al-manganese alloy and A] in melt 
state. As a result of the research performed on solving the problem of said method {c} that although the 
removal efficiency is improved significantly, it is still not satisfactory, it was found that if an appropriate 
quantity of magnesium is added together with manganese in the Al for refinement, and the obtained melt 
mixture is cooled to a temperature a little higher than the eutectic temperature, almost all of the metal 
impurities can be crystallized and separated as intermetallic compounds with Al-manganese alloy. Also, 
in this process, in addition to iron, other impurities, such as chromium, molybdenum, lead, arsenic, etc., 
also can be removed efficiently. As a result, the present invention was reached. 

That is, the present invention provides a refinement method of aluminum or aluminum alloy 
characterized by the following facts; in a melt of aluminum or aluminum alloy containing metal 
impurities, metal manganese and/or aluminum-manganese alloy in quantity 0.5-6 limes that of the metal 
impurities contained in the melt and metal magnesium and/or aluminum-magnesium alloy in quantity 
0,002-0.1 times that of the melt are added, melted and mixed; the melt mixture is cooled to a 

3 
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temperature ranging from the eutectic temperature to the eutectic temperature plus 50°C and is kept at 
said temperature, so that the metal impurities are crystallized and separated as intermetallic compounds. 

In the following, an explanation will be given in more detail regarding the constitution and operation 
of the present invention with reference to figures. However, the present invention is not limited to the 
following typical examples, and appropriate changes are allowed as long as the gist of the present 
invention is observed. They are also included in the technical range of the present invention. 

Figure 1 is a three-dimensional, state diagram illustrating the Al-manganese (Mn)-iron (Fe) system. In 
region ABCD, intermetallic compound (FeMn)AIo is formed as the initial crystal Here, for the melt 
mixture with the composition shown at point X 3 after Al-Mn alloy with composition shown at point Y is 
added and fully melted, the mixture is cooled to a temperature in the range lower than the liquid phase 
temperature and higher than the eutectic temperature, and it is then kept at this temperature, a 
intermeLallic compound (FeMn)Alo is crystallized, and the melt is changed to the composition indicated 
by point Z, Consequently, by separating the crystallized substance, it is possible to obtain a melt Al alloy 
with a low Fe concentration. 

However, in this method, removal of Fe is still insufficient, and the quantity of Mn melted and 
dissolved in Al alloy is significant. However, if Al-Mn alloy is added together with addition of the 
Al-Mn alloy or during the cooling process of the melt after Al-Mn alloy is completely melted, the 
three-dimensional state diagram changes to the state indicated by the broken line in Figure 1, and the 
crystallization region of (Fe 5 Mn)Al 6 spreads to region AB'C'D' on the lower temperature side. That is, 
by having Al-Mg alloy coexisting in the melt mixture, the eutectic temperature falls, and (Fe, Mn)Al 6 
can be crystallized at an even lower temperature. Consequently, point Z may move to point Z\ and, by 
separating and removing the crystallized substance in the same way, it is possible to significantly 
increase the removal rate for Fe and Mn in Al. 
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Figure 2 is a diagram illustrating another example of the effect for adding Mg. Tn this graph, the 
contents of Fe and Mn in the Al alloy before and after separation and removal of the crystallized 
substance arc shown. As can be seen from such results, when Mg is not added, reduction in the contents 
of Fc and Mn is limited to the quantity corresponding to H-linc (corresponding to B-C line in Figure 1). 
On the other hand, when 3% of Mg is added, it is possible to reduce the contents of Fe and Mn to the 
quantity corresponding to I-line; when 6% of Mg is added, it is possible to reduce the contents of Fe and 
Mn to the quantity corresponding to J-line; when 10% of Mg is added, it is possible to reduce the 
contents of Fe and Mn to the quantity corresponding to K-line; and when 20% of Mg is added, it is 
possible to reduce the contents of Fe and Mn to the quantity corresponding to L-llnc. In this way, 
according to the present invention, by adding Mg together with Mn in the Al melt containing iron a.s the 
impurity, and by increasing the quantity of Mg added, it is possible to significantly reduce the contents 
of Fc and Mn. As to be shown below in the application examples, according to the present invention, in 
addition to Fe, it is also possible significantly reduce the other metal impurities, such as chromium, 
molybdenum, lead, arsenic, etc, 

In addition, Figure 3 is a diagram illustrating the results of the measurement of the relationship 
between the Mg quantity added and the eutectic temperature (melting point) for 95% Al - 2% Mn - 2% 
Fe. The excellent effect of Mg in lowering the melting point of Al under treatment can be clearly seen. 

As far as Mn used in the present invention is concerned, either metal Mn or Al-Mn alloy may be 
used. In order to ensure that it can be melted quickly after it is added in Al, it is preferred that Al-Mn 
alloy containing about 5-30% of Mn be added Also, as far as the temperature of the Al melt when Mn is 
added is concerned, in consideration of the melting rate, a temperature range of 720°C - 850°C is most 
preferred. In this case, the quantity of Mn added as pure Mn content should be selected in the range of 
0,5-6.0 times the quantity of Fe contained in the Al melt under treatment. If the Mn quantity is less than 

5 
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the aforementioned range, the quantity of the intermetallic compound becomes insufficient, and Fe and 
other metal impurities cannot be well removed. On the other hand, if the Mn quantity is more than the 
aforementioned range, as can be seen from Figure 4, there is little increase in the impurities removal 
rate. Also, the quantity of the crystallized (Fe-, Mn)Al 6 is increased, so that the quantity of the Al refined 
product is reduced, and the yield falls. Consequently, this is undesired for practical application. 

Also, as far as Mg is concerned, either metal Mg or Al-Mg alloy may be used. The temperature for 
adding it is a little lower than the temperature for adding Al-Mn alloy (the temperature for facilitating 
melting of Al-Mg alloy in Al melt), that is, in the range of 700-800°C. Here, the quantity of Mg added 
should be selected in the range of 0,002-0, 1 times the total quantity of the Al melt to be treated. If the 
quantity is smaller than the aforementioned range, the effect in lowering the eutectic temperature is little 
displayed, and Fe and other metal impurities and the content ofMn cannot be sufficiently reduced. On 
the other hand, if the quantity is over the aforementioned range, as shown in Figure 5, the removal rate 
for the metal impurities, such as Fe, Mn 3 etc., becomes not so significant, and the purpose of the present 
invention cannot be realized. 

In this way, by adding an appropriate quantity of Mn (or Al-Mn alloy) and Mg (or Al-Mg alloy) in 
the Al melt and having them melted and blended and then cooling the melt mixture slowly, (Fe, Mn)Al$ 
can be crystallized. Here, if the temperature of the melt is higher than the liquid phase line temperature, 
said (Fe, Mn)Al6 is not crystallized. On the other hand, if the temperature is lower than the eutectic 
temperature, together with (Fe, Mn)Altf, pure Al is also crystallized, so that it is impossible to have (Fe, 
Mn)Alf, alone separated. Consequently, although the crystallization temperature should be higher than 
the eutectic temperature and lower than the liquid phase line temperature, the present inventors have 
performed extensive studies on the crystallization temperature for increasing the removal rate of the 
metal impurities to the maximum limit. As a result, it has been found that the most appropriate 
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temperature range is up to 50°C higher than the eutectic temperature. By keeping within this temperature 
range, crystallization of (Fe 7 Mn)Al 6 can be performed at the highest efficiency- 
There is no specific restriction on the means for separating the crystallized intermetallic compound 
from the melt AL One may adopt the conventional methods or the solid-liquid separating methods to be 
developed in the future. Examples of the specific methods that may be adopted include the precipitation 
separation method that makes use of the fact that the specific gravity of the intermetallic compound is 
higher than the specific gravity of the melt Al, filtering separating method by means of a porous 
material, centrifugal separating method, etc. 

According to the present invention with the constitution described schematically above, appropriate 
quantities of Mn and/or Al-Mn and Mg and/or Al-Mg are added in the Al melt containing the metal- 
impurities, and the intermetallic compound is crystallized at a prescribed temperature. As a result, it is 
possible to make efficient removal of Fe and other impurities, such as chromium, molybdenum, lead, 
arsenic, etc, in the Al melt, so that high purity Al or Al alloy can be recovered. Consequently, the 
present invention has a very high practical application value as a refinement method for various types of 
impure Al and Al alloys, such as Al scraps. 

In the following, the present invention will be explained in more detail with reference to application 
examples. 

Comparative example 

In melt Al containing Fe as the impurity, Al-Mn alloy containing Mn in quantity corresponding to 
1.0-6.0 times the quantity of Fe was added and melted, followed by cooling to 665°C and then kept at 
this temperature for 30 min. Then, the crystallized intermetallic compound was filtered and separated. 
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Here, the contents of Fe and Mn in the melt Al were measured before and after the crystallization and 
separation, with results listed in Tabic 1. The results correspond to O -> • in Figure 2. 



Key: 1 Before crystallization 

After crystallization and separation 
Holding temperature 

As can be seen from these results, although the content of Fc is significantly reduced, the effect is 
still insufficient, and a significant quantity of Mn is mixed in. 

Application Example 1 

At 850°C, Al-10% Mn alloy containing Mn in a quantity corresponding to 1.35-5.0 times the quantity 
of Fc was added in melt Al containing Fe as impurity, and the melt mixture was cooled to 750°C. Them 
Al-80% Mg alloy was added to have Mg concentration of 3%, 6%, 10% and 20%, respectively. After 
being kept at 645°C, 630°C, 590°C, and 520°C 5 respectively, for 30 min, the crystallized intermctallic 
compound was filtered and separated. Here, before crystallization and after crystallization and 
separation, the contents of Fe, Mn and Mg in the melt Al were measured, with the results listed in Table 
2. Here, the results corresponds **** and O^ifr, respectively. 




Table 1 
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Key: 1 Before crystallization 

After crystallization and separation 
Holding temperature 



As can be seen from these results, by adding Mg 5 the contents of Fc and Mn can be reduced to a level 
much lower than the case when Mg is not added (comparative example). 



Application Example 2 

At 850°C, Al-10% Mn alloy containing Mn in a quantity corresponding to 1J 5-1 .22 times the 
quantity of Fe and Cr as impurities was added in melt Al s and the melt mixture was cooled to 750°C. 
Then, Mg metal was added to have Mg concentration of 6%. After being kept at 680°C for 30 min, the 
crystallized intcrmetallic compound was filtered and separated. Here, before crystallization and after 
crystallization and separation, the contents of the metal impurities in melt Al were measured, with the 
results listed in Table 3. 
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Key: 1 Before crystallization 

After crystallization and separation 
2 (Units: wt% 3 same in the following) 

Application Example 3 

At 850°C, Al-10% Mn alloy containing Mn in a quantity corresponding to 1.08 and L12 times the 
quantity of Fe and Mo as impurities was added in melt Al, and the melt mixture was cooled to 750°C. 
Then, metal Mg was added to have a Mg concentration of 6%. Then, in the same way as in Application 
Example 2, the crystallised intermetallic compound was filtered and separated. Here, before 
crystallization and after crystallization and separation, the contents of the metal impurities in melt Al 
were measured, with the results listed in Table 4. 

Table 4 

© 
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Key: 1 Before crystallization 

After crystallization and separation 

Application Example 4 

At S50°C, Al-10% Mn alloy containing Mn in a quantity corresponding to 1.12 and 1,34 times the 
quantity of Fe and Pb as impurities was added in melt Al. Then, in the same way as in Application 
Example 3, metal Mg was added to have a Mg concentration of 6%, and the crystallized intermetallic 
compound was filtered and separated. Here, before crystallization and after crystallization and 
separation, the contents of the metal impurities in melt Al were measured, with the results listed in Table 

Table 5 
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Key: 1 Before crystallization 
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After crystallization and separation 



A pplication Example 5 

At 850°C ? AM0% Mn alloy containing Mn in a quantity corresponding to 1.01 times the quantity of 
Fe and As as impurities was added in melt AL Then, in the same way as in Application Example 3, 
metal Mg was added to have a Mg concentration of 6%, and the crystallized intermetallic compound 
was filtered and separated. Here, before crystallization and after crystallization and separation, the 
contents of the metal impurities in melt Al were measured, with the results listed in Tabic 6. 



Table 6 
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Key: 1 Before crystallization 

V 

After crystallization and separation 



As can be seen from the results listed in Tables 3-6, according to the present invention, not only Fe, 
but also Cr, Mo, Pb, As 5 and other impurities can be significantly removed. 



Brief explanation of figures 

Figure 1 is a tiiree-dimensional state diagram illustrating the state of the Al-Mn-Fe system and when 
Mg is included in it. Figure 2 is a graph illustrating the effect of addition of Mg. Figure 3 is a graph 



12 



05/30/2007 WED 08:45 [TX/RX NO 7672] 



05/30/07 WED 09:42 FAX 7033055408 



GP 1700 FAX MACHINE 



121028 



illustrating the influence of Mg on the eutectic temperature (melting point) of the Al-Mn-Fe system. 
Fi gure 4 is a graph illustrating the relationship of the Mn/Fe removal rale. Figure 5 is a graph illustrating 
the relationship between the quantity of Mg added and the Fe removal rate. 




Figure 1 



Key: 1 (wt%) 




Figure 2 



13 



05/30/2007 WED 08:45 [TX/RX NO 7672] 



05/30/07 WED 09:42 FAX 7033055408 



GP 1700 FAX MACHINE 



E[029 



Key: 1 (wt%) 

2 Mg not added 




0 5 4 f fl V& 



Figure 3 



Key: 1 Melting point 




Figure 4 



Key: 1 Fe removal rate , 
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Fe removal rate 



Quantity of Mg added 



Figure 5 
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